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1. -#ira^^^l., tl^- 

#5 i # ^ 4« ^ T ^ 6^ . 
>hRAM t. 

7. ^^J^^^]^^^ 1 ^^^^^^ ^t*^^^^^^^*^*'^' 

10. ^mM^^^ 9 6*,:^>^, ^t^^^^^^^^^^-^ 
^ 4^ 6^ # ^ . 



12. ^^^M^^^ 9 ^^ik. ^ffifr^^^^m^^^^^-^^ 

14. M^^M]^^^ n ^^^^^ ^t^:>'-^^*^^^^^^ 

15. -#J^^^^, 

20. I9 6(ri^^^i, ^t^:>^-^^^^^^^ 

— >h RAM t- 

21. ^#*lif'J##^ 15fi^)^^^X, ^t*>^^^^^^*^^ 
^ il^^#-4^ J- ^ *t S ^ • 

23. —^^-^^'^> 



24. ^^^M^^^ 23 ^^y^. 
26. 23 

6^. 
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A^^f^^^TC^^^nn^. i#, Witten. Neal 

^ Cleary ( Titt^^tr WNC) n^0-$-^^^^^^ - ^ 

14 16, 18-*.^*^^5m^ 16. U^mn^ 12 

Security in a Fixed-Model Arithmetic Coding Compression 



Algorithm", 11(1992), pp.445-461 t^^^- 

-k^n^^^^^^^^^^^^' ^^^^ 12 ^m^^^^^^ 

f^ifh, Bergen ^/..j§tii-#*L#p^^dJ A "Data 

Security in a Fixed-Model Arithmetic Coding Compression 
algorithm", pp.445-461, 1992 -^f^^^^m, WNC ^^^^^ 

^1^^. i^^m^^^^^^^^^^ WNC ^$(1^^^*-^ 

^^^-^t^^^^^^'^'S^^-^^^^^'^^' S^^^^ WNC 
1 #-*&^>^x;*^4t>?'] 



^>N^^it4gt; B«x^:i^J.!y?85>h 
*L^i4-j^l0, mf'^i¥cmyL, #^'Jffl^!>^— >M^*L^*.-^^jL##^, 

T>^^B^i:j.i>' 50%. ^^^n^«n^^^n^^4n. ^gr^^^Ti^^ 
m3^M7;^;$-^m¥j—^^^^']t, M,^¥j7^m^mi ^^^^ 
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® 2 ^-^T ;&pi=^7F^j.^j5^it 
x^^S. -k^mif^ir^, sjic 12it*^>V5iJ|fe^^ 114 116. 
^ 118 ^^i^^n 116 ^la^LltitA^ 122. l^*L|gL:^j^§ 122 

118 >':^>3.^t^J^6^1^*L|gt/^^x#^=4g, X#^4^;B^#-ib^!j 
^>«^^ 114 116. 116 # 0 ^ 1 ^m^M^'p^4t:^M^^^ 

^^^114, .?&JL^^# ii4 6^#-iij7(?->h^^>b#i^. m^niu^ 

12. 122 i^ifc^^X^^^^J-a^^^^^ 116 

+i+^0. 1, ^f'^&m^J^ i^f, ^X120X 

^>«^^ 114 nr:fe'T^^#. ^^J^^fH^^ 0^1 :^|Bj§^^^|t 

a^^!j-#->^^46^l«Jl^;H?#>hl"5Jl%[0,l) ( [0,1)^4^^^I«J 

^"^^^m^^, ( a,b,c,d,e,f ), ^m—^m^^m: 



^ 1 









a 


0.25 


[0,0.25) 


b 


0.25 


[0.25,0.5) 


c 


0.1 


[0.5,0.6) 


d 


0.1 


[0.6,0.7) 


e 


0.1 


[0.7,0.8) 


f 


0.2 


[0.8,1.0) 



^■^S^M^^^ abc. i^^^ 114 i icJL;Si^^^^^i^i,(j 

-^^^^j^^^m) ^^^ttm^lO,!). ^^^If^-^^^ a 

114^#?e,S*^'hJ-[0,0.25), Kp;^^ 116:^Se.^#-f-a6^j£S» 
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f^^^^^ h^^¥jt^m^itmM. 1/4, [0.0625,0.125) 8^— 

^ 0.25 >h#->C£-^>^, 1/4 A 0.0625. T — >^^-f- c SC. [0.5,0.6), 

^ jtbj£ a ^ f !l [0.0625,0.125)3t, ^-^Jl^ ^ ^ S [0.09375,0.1). 

tiifj^^f^^mr ^M^fH M^^^^^n ^ [0.09375,0,1), 
)lf^^sfc^^?p#ff A^ — ^^^^ a, gI3^^*^e.m^4^>^2:i"^ 1 ^ 
^^ge.^ a fe;ffl7«; [0,0.25). ^^MZ^t.^^:^ 

j£ PI [0.09375,0.1)6^ b ffl [0.0625,0.125) M,^^^^^-^^^ 

^ No.09/240,576 "Multiplication-Free 
Arithmetic Coding' ,1999-^ 2^1 9 t^, :^ t ^6^^^ 

^^It Ci -f^^^fe^ 1 d^^lgttt., ja>S..jfej*^ffll*3ifei^6^-^^-?'i(0 
^ 1), 

l^>^^ 114 ^n^^JlSi^^^P'^^y 

1. IfCo>c,, exchange the values of Co and Cj, andleti=!i. 

2. While R<Ci, do 

• Output the most significant bit of L. 

• L = L«=l, R = R «=1. 

• If R>'~L, then R = ~L+1. 

3. If i=0, then R=Co; else R = R-Cq, L = L+Cq. 

i^#Jfh ( logic complement), ~ 'ft^— ii^J# ( binary complement X 
^ «= ^Jl^^^:k^^ {arithmetic shift left). #-^-t*6^:|S^^, 
;5^LHa^^i"T&6^^RiitTfiiJi#: ^f-#>h3^>R., R«Co+Ci. 



L := L, R := Co, i = 0 ( 1 ) 

L:=L + Co, R:=R-Co, i = l (2) 

m.i^t^^^^^^^ #m2#7fr^^#45^, #^3^5^^^^#l^. 
't^d^it^^^^^^'^^^t^*^^^*^^ (magnitude) , 

"while" R R 'aL60-:^ii^]#Ht, 

® 3 &^T^>^^ 114 >j5t4^>'^ii^ 20 tlft.fi-6^#^6^#^#^. 

-^Jt, ^^i^t^-^^ llOlllOOi , '&4^#^R^^L^^^'tft.^1^^ 
24— ^^>^-^J Ofih^^-^A^^> jJA/^^^^it^Co^ Ci. >^L#^26. 

32. L6^^^^^^ (MSB), L^R#L#^i^#^, 

JL^^ R ^-f- L R^i5:^i«y L 1. 

^3-^m^m^9^ 30. :Jta^^>?^^ R Cp ^^ilt 

m.mm^^9^^^- ^-^^34, -^^i^^^f-o. >^i^f-o. 

R6^^lL.^t#^36=».«>«J^-f Co, 0, 
^38, R#:iS:^^ R6^1ir-'fiL<^ Co, fliJ-L^i5:X^ L6^l5--<i-^c„, 



>S 4 //r^, 116 130 ( RAMsl26) v:^^ 

t^>r^6^^#-- 12> it4g 118 ^x^^^^^x^m^^^l^ 

128. 122^>hf.^Ht^/^-^P£*Lrt:#, :fc'©4^/r^. 

130 -^r^&'l-fe^^h^^^, m^^^^^^^^^^^^^ 130 

t^t^rt'fr^, K^T^S^^^^^. 116 r ^-ie. 

130 t^^'CfcTiSlX:?*? 1. 

^-^^m ), ^ 128 Tift.#T^*^: 

1) 128 t^^ — .^RAMsl26# 

2) ^^^^^^^ 0. Fo;*« 1; ^i?'J FiA» i; 

3) #i*:l^*Lrt:#5^ Fo. FiIl]^>K%^ 114; 

4) 0. Fo;^ 1; ^I'jFiJiul; 
5 ) Fo^ Fi$!l RAMs 126; 

6) A^i3.^^^Mnr 128 t6^#^^^^. ##^15-ia*uj=b# 

>^^-fih-g:. l^*L>fc#^^^^^J^ 128 ^>K-^^>«^^ 114 
)Sf>is%^). M^-fff^^^^^ RAMs 126 

i^^«>«3L 12. ^^Mt. 12 
4t^J^128, ^^^^J^ 128i(7#>^^&-x^b#^e>T^#: 
1) >^R.\Ms 126#^4 Fo^ Fp 



m 

3) >^8«xtb#i«r 0, ¥^^1; ^MF^:^!; 

4) ISJ^ Fo^ Fi^'J RAMs 126; 

^jlfc, H^X 12 -i^^^^^^^J^ 128 #jt5ll^>s%^ 114 ( ilJ^^ 

m 5 7iT^T^iLB^6^-4-^i^^^^'l t6^M#-4^ 130, 5 fft 

130 r 0 ^A.^ r 1 %>^. 130 

^^*hJ^ — A-^^^^^^2K .^L->^^^^•Jt t=15. 

128 ^#3 RAMs 126 fit"^^, 130 ¥jW^yJ>^ 

$ii$-J^^JS^m 114 6^^!^rtl#. H^^^ 114 6^*&->Vfe>|-^lls^X 12 §^ 
x;$^jpb#. 118fi^t4^rti#> ^ill^;^|gL^^^ 112 6^1^ 

y^X^^^ RAMs 126 6^^>^^^ 136.;^^45^*J^ 128 f>J RAMs 
126 ^^ib^^^ (read-enable) >f#^ 138. ( write-enable ) 

^ 140. Jfc# "0" ^ "1" i^^^^^M^ 142, yX>S.Ak.JM: 144. 
n^^] \2%n^^% \14ffi^^^^mt^ 146, "0" ^ "l" 

148. J^-A-^W^^^^']^. 116 >fe>«^>hBt 

#|^^{L, ->^^,^0t^if^'->^ RAM 9t#, 128 
i^^—A-^-^PiM^ RAMs 126 6^— 

114^^^ 116^)B]6^^5.^^:it^T^/r^: r "^iSlj: 

^_>|wg|^|gt, r ^i^^-^ikm'T^M^^ 130 t^#^. 0^1 
^-H-lgL. ii^>^^^-^t^-^^^%>-^'J^>^^ 114. r^§T^6^>f3:S:. 

>® 4 t^^^^-^^^^^' ^#-^130&^l^*L^#l.#'l*^(RAM) 
126. ^8§>h RAMs 126^i5'J^^rti# 0^ 1 ffiM^J^. >^t->^^#]'^i^ 

ife^jt. 64k )tttb# «o" "1" ^n^. n^. m^^^x^ 

>Kl 2SS¥ittm^. ^^Mr 114 ^m-^*^^'^^*. * 



^'}M.^^^^$t^j^m 122 fSL. 

. ^^^'ft.: r = 0, ^M^^UOt^^^^^^U ^-kk^^^^ 114, 
j = l 

1. while j <= n, do 

• ^M^^ 130 t^^* ri^:^¥jikS.. 

• kj=l, 1 i3.M.iln^ h ^m-M^Ois,^iiv 1. 

• >^ /=1, li3LS.J!ro h ^MM^OitM.^!. 

• r, r=r| l^*Ltb#. 

2. i^>«^9.«X 12^JfJ##^ 116, :fi.TT: 

• >^^-trtt#7& 1. M^l^M.i^ 1. ^MM^Oik^^u 

• A#>f3:r, r=r| 

^>±:t6^^, 1 ^-f/^^-^d^^^^ 130, n^^^^^st 

122, i^^^ 130 jfc^K Pp'ffe;? l^lBt^i^ffilSI 

— ^'^^^^g, ^^f'^^^Pl^jm^^ 130, t6^^>^^ 




lilvnjyIEBS; 

" usa IEEEjtdJoglojia3\gD»d.aU ; 

uso IEEa gtdJoflio_«ritfa.ttJl ; 
use IEBBjiCriJosic_l 164.111 ; 

exifiiy cipher Is 

Iqsy . : la xtdjogic ; 

text : hi i^Jog^ ; 
eod^offccy : in jftijoj^c ; 

• dafiftOJn : ia jtdjoslcjreccor ( 7 dcwnto 0) ; 
diieU_ta : b xtd_to2jo3vc:ft3r ( 7 dcwnto 0 

Buun^ofock : ta ndJof)« ; 

datafl joui : out jtd JogJcjrtctDr ( 7, dmmta 0 ) ; 
d«£aj»ui :QuljtijQ£kijPOGtor(7d»watoO>; 
ttddr ; buflcr «tdjAgk_vtteter (15 d4»wniD 0 ) ; 
READ_EKABLE : out 9tdJo£lo ; 
WRTrBjeNABLB; o«t Jtd Jogic ; 



dpher_taKC : out itdjoxlc ; 

); ' ' 

* tnd cipher ; 

DTchitBctiuv &TL of d^tf U 



clgtul sncodajbit : stdjopc : 

simatcO.cl " : stil lod« vector ( 7 dovrata 0 ) ; 

slcna) L ' itsjofk vmr ( 3 1 ^fownto 0 ) 'dOOOOOOOOOOOOCOOOClOOQOOOOOOOOOOO-; 

*lKn«XB,H ' iMtajot^jKODgOl dowofto 0)r-»OOOOOOOOOOOOOOaOGCOOO<MflOOOCOCOr; 
lipial &;qO : xtdjAclojreo&ar ( 7 downio 0} ; 
figzinl fi«q I : scin<i»lc_vecto* ( 7 downta C) : 
sl^j iitdljosic; 



model jspiUtc : pioocu 
YiriiblaootiiieBr: tnteccr:^-! I 



couDtor ( cQuater-t- 1 ) Dao4 S ; 
Case oouator £j 

-whea Q -o BEADJENABU^I' ; 

iddr <- SHL(«ddr/tH-) + fccy ; 
etiB 

addr o SHL(ajddr."0I'3 + Itxt ; 

Oftdlt 



c&cade^bSc <>* nsdosx ; 

00 o-ftaOja-i-aotkET; 
d o- datiljo too7 

& 7- oonv_lnCasB(<d«MJuO ooovJaiBccc^Dot IccaO ^ convJtUogecQwt robdom}; 
b ccov_Urtegai^d«l»r'ui> -r oo«vjo<cscz(kr3r> * oaiiirJEoe«goiO«adooi); 
otsa 

enoo<ktJbU ^ toxt ; 
oOo-dataCJa; 

01 <^ dflCal fa; 

a y oo(tYjnisj«(datiOJn) * oonYjatnjM(DOt taso): 
b ooay Iiitcfa(d»tal Jn) -i- oonvJnt^attEsci); 
cad If; 
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cnoodcjrulit! -o-fTl 
READ eKABUB<^'0^; 

wRrrijebtABLB <>■ 'i'^ 

i4[i> 1 6ffm or b>l 6ffFTfO to 
dBtal"out^ »hi(coov_sMJftglc_V6Ct«(C^l),«)/01T ; 



cudlf: 

cndcaa; 
end process; 



waft until jjaLCtecfcrT «nd sy»_dookJffiratt ; 
LftcOclTtbefi 

fi«HO <^ cO ; 
ewSif; 



k r-j; 

cutY»Ud<-T; 
c not A ; 



srb>« tbco 

604 If; 

\«it until mc«^_c!QcJc^l* tod indm_cU>cS^evait ; 
ccd loop; 

UQ^b'OO tbcn 

K. <« coftYjrtdJoilO'ectof (coirvJn6csar(»)J2); 
cad if; 



oAdproccu; 



oadRTL; 



-L^-.^mi^f^^i^^- 32 bits, ^i^it^ 0; 
H—^^fS\f^fi^%^' 32 bits, m^^t^ ll 
R___^^)Bli^6t^ffl: 32 bits, ^-k^it^ 1; 

2*.-:^^^ 130 6^^ 'h: 0 ^ 1 64k, t=15; 

r—^^^i^^n^^^^' 15 bits. 







Wil ( HEX) 


1 


A 


B9 50 C8 C9 IB F8 44 10 


2 


A 


FA Al 91 91 3C 81 14 80 


3 


A 


83 D3 C3 C7 28 IF 35 


4 


AbCD8910 


56 DF B4 56 89 48 67 9E 82 28 28 28 66 45 21 40 


5 


AbCD8910 


B9 72 D9 5D AO Fl 62 68 99 7D 7D 70 98 EE F8 





mm 


( HEX) 


1 


Zfg 


E7 95 CE 8C A3 B7 7E ID 98 9E IE 6F OD 77 
32 14 C5 58 24 4B FF 40 69 43 IC 45 29 80 


2 


Zfg 


2B CF 08 FD 5F 54 87 El D9 89 El E6 FO D7 
73 21 4C 55 82 44 BF F4 06 94 31 C4 52 98 


3 


123 


C4 99 9E F4 97 49 27 32 06 97 32 OA OB 62 86 
25 13 CA 51 2E 44 BA 86 72 45 CA 95 27 00 


4 


123 


E5 3D CO 5C 82 58 12 EA 84 95 52 85 69 OD 77 
32 14 C5 58 24 4B FF 40 69 43 IC 45 29 80 
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^£#^'J^tJ-:fer Bergen/Hogen fi^^S^^^^^^^^f^^^^it, 
^^>b#ij^iL^"X 120 ^m^^J^^^^^^^f^^' 

>® 6^^, 120%A-^W>6^^ 124. 118#.^>-$m^ 116 

^H^^^ 124, 152 ifjl^^^^^nmn 116. 116 

6^%il{>S.^^^>Ji^^^ 124. 124 120 12, 

12 116. ^^^Wr 124 itj 

152. >j^t->^^^F^&^^^t, 124 7«;^?tmHt#^6^;JI:S 

^0 t >^ ^'1 ^ No.09/240,576 ^ ^ ^ ^ ^ ^ > ^ 
"Multiplication-Free Arithmetic Coding' ,1999 ^2^19 t^. ^ 

^X'^^^^$-'^f^^, i^^^ 124 

1. If Co>Ci, exchange the values of c© and c,, and let i = 1; else 

i = 0. 

2. While R^Ci, do 

• L = L«=1, R = R«=1. V=V«=1. 

• V = V I next bit from S. 

• If R>~L, then R = ~L+1. 

3. Ifco<V, then R = Co; else R = R-Co, L = L+Cq, and 
i = !i 
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42, ^#^R. L^V^^dfe^ft. ^^^R. L^V6^f 
J^vx^^^m^^^^^^"^^ 44 ^^>V$fJ 0 
/^^^^^if It Cj. 46, J*;^C(,^Ci, Co c„ ^ 

:^:iLf-c„ ia^a^^f'J^^ 50, ^jfc^^^-#^R6^r>llA^:>^i"^f- 
^^ilig^'J#^ 50. 

Ji^56#:i£^^1^ Co, >^Co^'>-f V, ^^.^#1^58, R#:&^i«? 
R fi^Fir-'li-^^ Co. L L Co, i 

Am^^] No.4,652,856 t>'>^^Se.^^^, i^J^^^iLS^ 6^^^^*^ 
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^ 4 











No.4,652,856 


C 


27620 


37.5% 


38.4% 


39.9% 




72596 


43.3% 


43.8% 


44.9% 




262330 


67.9% 


68.8% 


69.6% 


EXE i:^ 


54645 


74.3% 


74.6% 


75.6% 




417192 


67.2% 


68.0% 


68.9% 



dta® 8^/r^. 118^>^^^^4^*J^ 128. 128 

RAMS 126 }ci:Sim^A 130 ^jUk^^n^^^ 124 

)^>«^^ 124 6*r^ilJ 120 6^i:;^J=b#. ^i|i^4^ 

ii8 6^^4«rti#, "O" iftr -i" i^-^^^iY^ us. 

128 f«I RAMS 126 ^J^ii^^^^"^ 138, >fr^ 140. >fc#"0'' 
5^ 142, yX^i^^ 144. RAMs 126 

^ 136 ^m^-i^^J^ 128. 116 
'^8t#^5^., ^n^^^^^ RAM 128 
— ^n.^^^H'^:^^] RAMs 126 6^-^^^. 

>h#t«ti^;«^. ^^-fiMSi, it4«fi^:t'ha*'J«f^^ 124, vx^m,"^ 

^^]^ 128 ^jyDlF'^^ 124 ^*t:-^^43m#;t'h^l^^)=b#2i. ^f- 
1) ^m^^%l24^^-A-^^^^^^ >^ RAMs 126 #f<J Fo 
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2) dta^^4«tb#^ 0, F„;^l; ^MF^Mli 

3) #ii,ro, F,$m^^ 124; 

4) 124 m^^^i^^r 

128; 

5) 0, 128 1 f'l Fo; ^K'J;*^ 1 H 

F,; 

6) Fo^ff' Fi$'J RAMs 126, )':A>S. 

-sf^ RAMs 126 t^# — ^^>^6^'^^^^^• 
1 ) ^m^i3.^^n> >y-RAMs 126#5'J Ff, 

2) #ii.Fo, F,5W>«^^124; 

3) 124 «f;^B«x>b#, :?f#a^3i:«:#im.^^4t^l^ 

128; 

4) :kP^m^^^^ 0, Fo^li ^mv^Ml; 

5) RAMs 126, vZi^S. 

® j&B^i: 12#J^)^>^^ 124 t^iJj. 

1. while j<=n, do 

• 130 t^^* rlt^fi^^^. 

• dta^kj=l, M^l^^^l. ^iS'J^^ O-fiS.^ 1. 

• / = l, I'tiS-;^' 1, ^B'Ji^^O'^J-;*'' 1. 

• ^^'fir, r=r| 
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2- ^>5^^i: >T: ; 

• A#>(ir, r=r| ^arrt:#, 

>^>i^6^F^, ® 1-3, 6^ 8 t6^>^&^fe*T>':t>^'H^^/^#l^^m. 
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-1- 




as 



2 



110 11100 i 



-22 



36 



1 



R = CO 








CO ^ ci 




i=!i 





R=R-co. L=Uco 




L «- 1: R«= 1. 

IF fl>~L; THEN R=~L*1 



•32 



-2- 



®7 



42^ 



^ib: R=l, l=n^^ 



40 



CO 



48 



CO ^ ci 




S 




R=R-co. l=lKQ, i=!i 



L«-li R«» 1: V«»l 
Vl=i|^||S«T— >b# 
IF R>-L; fp^H '-U1 
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